Introduction {#sec1-1}
============

Tobacco products are the leading preventable cause of death, killing around 6 million people in 2011;([@ref1]) with the majority of the burden in low- and middle-income countries.([@ref1][@ref2]) Women and children in south Asian countries are often the victims of morbidity and mortality caused by second-hand smoke (SHS) exposure due to high male smoking prevalence.([@ref3]) SHS contains more than 7,000 chemicals and around 70 carcinogens;([@ref4]) and the relationship between SHS exposure and increased morbidity and mortality is clear.([@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]) There is no safe level of exposure to SHS.([@ref4]) The World Health Organization (WHO) Framework Convention on Tobacco Control (FCTC), Article 8, mandates countries "to protect citizens from exposure to tobacco smoke in workplaces, public transport, and indoor public places."([@ref14]) Comprehensive smoke-free laws have been shown to be effective at reducing SHS exposure, smoking prevalence, cardiovascular disease, and lung cancer incidence in many high-income countries.([@ref15][@ref16][@ref17])

SHS is a major public health challenge in India with 275 million adults using a range of tobacco products.([@ref18][@ref19]) According to the 2009-2010 Global Adult Tobacco Survey, 35% of adults over the age of 15 years in India currently use tobacco, with the prevalence of tobacco use among males being 48% and among females 20%.([@ref20][@ref21]) Bidis([@ref22]) are the most popular form of smoked tobacco used in India, accounting for 73% of all smoking forms.([@ref23]) Bidi smoking produces more nicotine, tar, and carbon monoxide than manufactured cigarettes.([@ref24])

India was among the first few countries to sign and ratify the WHO FCTC.([@ref25]) The Government of India enacted the comprehensive "Cigarette and Other Tobacco Products Act, 2003" (COTPA 2003) that came in enforcement from May 2004.([@ref26]) Section 4 of COTPA 2003 prohibited smoking in most public places and work places, but provided an optional separate provision for smoking areas or spaces in hotels having 30 or more rooms, in restaurants having a seating capacity of 30 or more, and in airports.([@ref26]) Despite the comprehensive law, violations appear to be extensive due to limited awareness and lack of clarity regarding enforcement mechanisms among stakeholders.([@ref27]) The Government of India revised the national smoke-free law, "prohibition of smoking in public places rules, 2008" that came in effect from 2^nd^ October 2008 by making additional provisions to improve enforcement.([@ref28])

The objective of this study was to compare the exposure to SHS at most commonly visited public places and work places (government offices, hospitals, education institutes, restaurants, and entertainment venues, including hookah bars) through air nicotine concentration monitoring, and to compare the smoke-free law implementation status through observational findings before (2008) and after (2010) the implementation of the revised national smoke-free law in Gujarat, India.

Materials and Methods {#sec1-2}
=====================

Study type {#sec2-1}
----------

Cross-sectional surveys were conducted at baseline (July 2008) and after (January 2010) the implementation of revised national smoke-free law to compare the air nicotine concentrations and smoke-free law implementation status.

Study location and sampling {#sec2-2}
---------------------------

The study was conducted in Ahmedabad (the fifth largest city in India and former capital of the state of Gujarat situated in western India). Ahmedabad has a population of more than 5.8 million and an extended urban area population of 6.3 million.([@ref29]) To represent most commonly visited public places and work places, government offices (*n* = 5), hospitals (*n* = 5), educational institutes (*n* = 5), restaurants (*n* = 10), entertainment venues (*n* = 4), and hookah bars (*n* = 6) were identified by convenience sampling representing all six zones of the city. Most venues were the same for both surveys except for three restaurants and two hookah bars that closed following the 2008 survey. These were replaced by the selection of other similar venues in the 2010 survey. Air nicotine levels were measured and comprehensive observational sheets were completed at all venues by trained field workers.

Study protocol and nicotine measurement {#sec2-3}
---------------------------------------

SHS was estimated by passive sampling of vapor-phase nicotine using sodium bisulfate-coated filters.([@ref30]) The placement of the monitors in the room adhered to the following guidelines: Monitors should hang in the air (1-2 meters from the floor); monitors should be at least 1 meter away from an open window or a ventilation system; monitors should be at least 1 meter away from a potential regular smoker; monitors should not be placed in an area where air does not circulate; and monitors should not be too visible or accessible to avoid tampering. Blank and duplicate monitors were maintained and placed to ensure quality control. The sampling areas in the buildings were pre-specified following a consistent systematic approach aimed at minimizing bias since levels of air pollutants vary within a building. Sampler locations included common areas of the building where people congregate and spend time, along with additional areas of scientific or public interest (e.g., restrooms and cafeterias). The placement of the monitors within a building was documented using a simple diagram that also indicated the location of windows and doors. For each monitor, location and the date and time of placement and collection was recorded on a sampling sheet. All buildings were visited once during the monitoring period, and field workers verified whether the placement of the monitor was correct and noted the condition of the windows and doors, the location of the air nicotine monitor, the estimated occupancy of the building, the number of smokers observed during a 15-minute period, and the distance from the filter to the nearest smoker. At the end of the sampling period, all monitor labels were checked by the fieldwork coordinator and the monitors were then stored in a smoke-free place at room temperature before they were transported to the laboratory. Laboratory analysis was performed using gas chromatography in the laboratory at the Johns Hopkins Bloomberg School of Public Health, USA.

Other recorded information included the presence of "No Smoking" signage, the presence of the smell of smoke, the presence of cigarette/bidi butts, and any other observations that might reasonably be expected to affect SHS assessment.

In 2008, of the 132 air nicotine monitors received from 35 buildings, results from 105 monitors were reported after excluding blanks, duplicates, erroneous, and ripped monitors. Similarly in 2010, of the 123 air nicotine monitors received from 35 buildings representing the same types of venues, results from 117 monitors were reported after excluding blanks, duplicates, erroneous, and ripped monitors.

Data analysis {#sec2-4}
-------------

Given the skewed distribution of air nicotine levels, medians and interquartile ranges (IQRs) were used to describe the data. The Wilcoxon-Mann-Whitney test was used for bivariate analyses. Fisher\'s exact chi-square test was used for the comparison of categorical variables. Some data are presented with a further stratification of venue type. For nicotine values below the detection level (0.0073 μg/mL), half of this set value was used for analysis purposes. All the analyses were performed in Stata 12.0.

Results {#sec1-3}
=======

At baseline (July 2008), the overall median nicotine concentration was 0.06 μg/m^3^ (IQR: 0.02-0.22). At follow-up (January 2010), the overall median concentration was 0.03 μg/m^3^ (IQR: 0.00-0.13) reflecting a significant decline (% decline = 39.7, *P* = 0.012) of exposure to SHS \[[Table 1](#T1){ref-type="table"}\].

###### 

Air nicotine concentrations (μg/m^3^) in public places before/baseline (July 2008) and after/follow-up (January 2010) the smoking ban (October 2008)
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In 2008, median air nicotine concentrations were highest in hookah bars (1.53 μg/m^3^, IQR: 0.63-3.13), followed by entertainment venues (0.17 μg/m^3^, IQR: 0.06-0.64), and lowest in educational institutes (0.00 μg/m^3^, IQR: 0.00-0.04) which was under the detectable level \[[Table 1](#T1){ref-type="table"}\]. The percentage change from 2008 to 2010 varied by venue-type. The largest decrease of SHS occurred in hospitals, from 0.04 μg/m^3^ at baseline to concentrations under the limit of detection at follow-up in 2010 (% decline = 100, *P* \< 0.001). Educational institutes, which were under the limit of detection at baseline, had detectable concentrations of air nicotine at follow-up (*P* = 0.020) \[[Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. In entertainment venues, government offices, and restaurants, decreases in SHS exposure also appeared evident. Air nicotine levels declined in entertainment venues, from 0.17 μg/m^3^ at baseline to 0.05 μg/m^3^ at follow-up (% decline = 70.6, *P* = 0.172); in government offices, from 0.05 μg/m^3^ at baseline to 0.03 μg/m^3^ at follow-up (% decline = 40, *P* = 0.055); and in restaurants, from 0.13 μg/m^3^) at baseline to 0.11 μg/m^3^ at follow-up (% decline = 15.4, *P* = 0.177). However, in hookah bars, an increase in exposure to SHS was observed, as the air nicotine levels went from 1.53 μg/m^3^ at baseline to 3.77 μg/m^3^ at follow-up (*P* = 0.160).

![Air nicotine concentrations (μg/m^3^) in public places before and after the smoking ban](IJCM-40-27-g002){#F1}

Overall, almost all the locations showed improved compliance with the law \[[Table 2](#T2){ref-type="table"}\]. For example, a significant improvement in the presence of "No Smoking" signage was observed at the smoking restricted areas of hookah bars (from no signage at baseline to 70% presence of signage at follow-up) and government offices (from no signage at baseline to 100% presence of signage at follow-up). However, "No Smoking" signage was not present in any of the educational institutes at follow-up. The presence of cigarette sales was only observed at one government office both at baseline and follow-up. The presence of cigarette advertisements was not observed anywhere after the smoking ban. In hookah bars, after the smoking ban, neither the presence of cigarette or bidi butts nor the smell of smoking was observed in designated non-smoking areas- a significant improvement in compliance from baseline. In hospitals, entertainment venues and government offices, however, both the presence of cigarette and bidi butts and the smell of smoke, while reduced after the smoking ban, were still observed.

###### 

Observational informationin public places before/baseline (July 2008) and after/follow-up (January 2010) the smoking ban (October 2008)
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Well-regulated smoke-free venues included government offices, hospitals, and educational institutes, though they did not meet the criteria of a 100% smoke-free environment. However, relatively high air nicotine levels were observed in entertainment venues, restaurants, and hookah bars despite improved compliance with the national smoke-free law.

Discussion {#sec1-4}
==========

Main findings {#sec2-5}
-------------

Overall air nicotine concentrations significantly declined and compliance with the national smoke-free law visibly improved after the smoking ban although air nicotine was detected in most places even after the smoking ban.

Section 4 of the Indian national smoke-free law (COTPA 2003), prohibited smoking in most public places and provided an optional separate provision for smoking areas or spaces in hotels having 30 or more rooms, restaurants having a seating capacity of 30 or more, and in airports.([@ref27]) The revised smoke-free law, "The prohibition of smoking in public places rules, 2008" gave more clarity to the law and defined hotels (including boarding house, guest house), restaurants (including refreshment rooms, banquet halls, discotheques, coffee house, pub, bar, airport lounge, and the like), additional public places (including work places, shopping malls, and cinema halls), and open public space (including open auditoriums, stadiums, railway stations, busstops/stands, and other such places) where smoking is banned.([@ref29]) To represent the most commonly visited closed public places, hospitals; government offices; educational institutes; restaurants; entertainment venues (shopping malls, cinema halls); and hookah bars were selected as sampling venues in the present study.

Well-implemented smoke-free laws not only protect common people and workers from exposure to second-hand smoke, but also increase public awareness of the adverse health effects of smoking. Previous studies have highlighted the challenges and barriers to implementing 100% smoke-free laws and policies. A study done in Cairo, Egypt, showed that smoke-free policies were poorly enforced in large teaching hospitals.([@ref31]) Reddy *et al*., reported poor compliance regarding active smoking (36%) and the improper display of "No smoking" signage at the entrance of public places in India (89%).([@ref32]) The present study not only found observational improvement in compliance with the Indian smoke-free law, but also found below detectable levels of air nicotine concentration in hospitals of Ahmedabad, India.

High airborne nicotine levels have been observed in venues where there is only a partial smoking ban in place. In South Korea, for example, where smoking is partially prohibited in computer rooms, Kim *et al*., have pointed out that a complete smoke-free law is needed to reduce SHS in such venues because high air nicotine levels are still detected in nearby non-smoking areas.([@ref33]) In Spain, a study looking at the influence of the Spanish no-smoking law on exposure to SHS reached a similar conclusion, as, before the law was implemented, SHS levels were high in non-smoking areas in venues that allowed smoking.([@ref34]) In Finland, a partial smoking ban was introduced in July 2003, but the air nicotine levels reported after the ban in 20 bars, restaurants, and discos were similar to those observed before the ban.([@ref35]) An analysis of hospitality workers\' exposure to SHS indicates that a smoking ban in hospitality venues works best when the venues are 100% tobacco smoke-free; noting that in such cases there is about a 90% reduction in air nicotine and PM2.5 levels.([@ref36]) The present study found similar results as high air nicotine concentration were found at restaurants and hookah bars before and after the smoking ban. This was probably due to the fact that the national smoke-free law allows for a designated smoking area at these venues, which clearly demonstrates the need for a 100% smoke-free policy for such venues. Also, the presence of very high air nicotine concentrations at hookah bars at both study intervals may be due to nicotine used as part of the mixture burned for hookah smoking.

Complementary efforts are needed in India to enhance compliance with and enforcement of smoke-free laws with the aim of reducing exposure to SHS in public places. A compliance survey done by Sonu G *et al*., in Punjab, India, revealed an overall high compliance rate with the smoke-free policies defined under COTPA. The authors suggest that this is probably because of education and communication activities regularly conducted by the state tobacco control cell and the district tobacco control office; and because of the creation of a District Task Force set up to help ensure effective implementation of the legislation.([@ref37]) Although the "Smoke-free Ahmedabad and Gandhinagar" project was started by the state tobacco control cell of Gujarat government towards the end of 2009 with support of the Bloomberg Initiative to Reduce Tobacco Use, no activities were started on the ground when the follow-up study was conducted (January 2010). The variability in results after implementing smoking bans may also be due to differences across study jurisdictions (e.g., the makeup of the study population, literacy rates, socio-economic conditions, socio-religious factors, awareness levels, and enforcement mechanisms).

This current study of changes in air nicotine levels in public places in Ahmedabad from 2008 to 2010, the results of similar studies in other parts of India and the related experience of other countries, all support the notion that comprehensive, 100% smoke-free legislation covering all public places is required to adequately protect people from the adverse health effects of exposure to SHS. There is an urgent need to review and strengthen the existing smoke-free law by withdrawing the optional smoking areas allowed at hospitality venues. In addition to awareness campaigns for improving implementation of the national smoke-free law, there is a need to develop effective enforcement and regular compliance monitoring mechanisms at the local level.

Strengths and limitations {#sec2-6}
-------------------------

The major strength of this study is that nicotine is considered a sensitive and specific marker of SHS and has been used and validated in previous studies.([@ref38][@ref39]) This is the first study comparing air nicotine concentrations before and after the enactment of a comprehensive smoke-free law at similar venues in Ahmedabad, India. It provides insight into the effectiveness and level of compliance with the law across different public venues and suggests which venues require additional enforcement and awareness-raising attention.

There are few limitations of the current study. The before-and-after study design was not carried out during the same months, so despite the fact that air nicotine monitoring was carried out in closed public places, there may be potential seasonal differences or other unknown factors that could explain some of the differences in air nicotine levels.([@ref40]) Also, the stratified convenience sampling was done to select the most commonly visited public venues with small sample size due to the availability of a limited number of air nicotine monitors. Because the study was conducted in only one city, the ability to generalize our results is limited. However, Ahmedabad is comparable to other large cities in India,([@ref29]) so we hypothesize that the findings in other Indian cities would be similar.

In summary, SHS exposure was significantly reduced overall in public places after enactment of the smoke-free legislation in Ahmedabad, India. However, nicotine concentrations were still detected in most of the venues, indicating that compliance with the ban still needs to be improved, especially in those venues where smoking is not completely prohibited.
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